Introduction
The observation that cognitive functions as diverse as perception, attention, and memory show age-related impairments (see "All in Your Mind") has prompted the suggestion that the effects of cognitive aging can be explained by a general mechanism, such as a reduction in processing speed (1). Recently, however, the realization that few cognitive functions operate in isolation has led to the alternative suggestion that cognitive aging may affect certain cognitive abilities more than others and that age-related changes in a wide range of cognitive domains may be a result of a deterioration in key functions such as working memory and top-down control in selective attention (2-6), functions that recent evidence suggests might be interdependent (7) (8) (9) . The notion that such deterioration is an important event in cognitive decline is supported by the fact that these functions are associated with similar areas of the frontal cortices of the brain (10) , which are especially vulnerable to the effects of aging (4) . Results recently published in Nature Neuroscience give new information about why working memory performance might decline during aging (11) .
Working memory refers to the amount of available resources for storage, retrieval, and manipulation of information needed for coherent cognitive performance. It is measured by asking participants either to store, maintain, and subsequently retrieve information temporarily, for example, by remembering a set of digits or images, or to temporarily store and maintain information in order to perform a mental manipulation on it. Top-down control in selective attention consists of two components: selective attention to currently relevant information and the active suppression of processing for information that is irrelevant to the current task goals. Together, these processes ensure that incoming information relevant to current task goals is prioritized relative to currently irrelevant information, thereby facilitating the processing of the relevant information.
Both working memory and top-down control of attention are believed to be involved in a wide range of cognitive functions, including perception, attention, and language (12, 13) , making them likely candidates as cognitive components that may underlie many age-related cognitive changes. Moreover, whereas age-related changes in working memory and selective attention are often investigated in isolation (14) (15) (16) (17) , recent findings have suggested that these mechanisms are very much linked, with working memory affecting top-down selective attention and vice versa (7) (8) (9) . On the one hand, working memory has been shown to play an important role in the ability to keep a clear distinction between relevant and irrelevant information (8, 9) . On the other hand, working memory efficiency depends on the successful prevention of irrelevant information from entering it (18) , as well as selective access to to-be-manipulated information already in working memory (19) . This interdependence between working memory and top-down attentional control may be one reason why it has been difficult to clearly identify any particular mechanism as being most involved in age-related cognitive change.
Ability to Suppress Irrelevant Information Appears to Decline with Age
The recent Nature Neuroscience report (11) ability to keep a clear distinction between relevant and irrelevant information is compromised in old age and may explain age-related working memory deficits. Using an elegant design (20) , Gazzaley and his colleagues measured brain activity with functional magnetic resonance imaging (fMRI) in young and older adults as they performed a task that required paying attention to one source of visual information while ignoring another. Participants saw sequences of alternating images of faces and natural scenes and were instructed to either (i) remember the faces and ignore the scenes, (ii) ignore the scenes and remember the faces, or (iii) passively view the faces and scenes without attempting to remember any. After having observed a sequence of four images (two faces and two scenes), participants were shown a single stimulus and asked to indicate whether it was one of the images they attended to in the previous sequence, in order to encourage them to pay attention to the relevant images. Crucially, processing of relevant and irrelevant information could be manipulated without changing the appearance of the visual information, an important consideration in fMRI. During presentation of the image sequence, brain activity was measured in two distinct areas, which the researchers had previously identified in their participants to be responsive to either faces or natural scenes. The area most responsive to faces was a region of the fusiform gyrus, whereas natural scenes produced most activity in the parahippocampus. These areas had been previously identified as neural markers for processing faces and scenes (21, 22) .
By comparing activity in the face area when faces were attended, ignored, or passively viewed, an index could be obtained as to what extent these images had been processed under the different task instructions: An increase in activity in fusiform gyrus when faces were attended versus passively viewed had to be associated with attention to the relevant faces when they had to be remembered, whereas a reduction in activity when the faces were ignored versus passively viewed would reflect suppression of processing for the irrelevant faces. Likewise, an increase in activity in parahippocampal areas when scenes were attended versus passively viewed had to be associated with attention to the relevant scenes, whereas a reduction in activity when the scenes were ignored versus passively viewed would reflect suppression of processing for the irrelevant scenes.
In the young group, only activity in the parahippocampal area responsive to scenes showed the predicted effect of the attention instruction (i.e., attend, ignore, or passively view; this area showed a more marked difference between attend versus ignore place instructions than the fusiform face area did between attend versus ignore face instructions): Activity was enhanced during the "remember scenes" condition, as compared with passive viewing, and reduced during the "remember faces" condition, as compared with passive viewing. The key finding was that, whereas the older group showed the same enhancement of activity as the young during "remember scenes" as compared with passive viewing, there was no reduction in scene-related activity when older participants were instructed to remember faces and ignore scenes (Fig. 1) . This suggests that the ability to suppress task-irrelevant information shows an age-related impairment, whereas the ability to activate task-relevant information is spared. The fact that enhancement and suppression indices were calculated by comparing activity within participant groups is important, since any differences in fMRI responsiveness between young and older brains (23) (see Gazzaley Perspective) are thus subtracted out.
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Fig. 1. Young and old subjects display differences in their ability to ignore irrelevant information. The graphs in the top section of the figure show fMRI data; the images in the bottom section show the experimental framework. When instructed to remember faces and ignore scenes, older people fail to show the same reduction in associated brain activity as the young (red), relative to a situation when the same images are passively viewed (blue). When instructed to remember scenes and ignore faces, older people show the same enhancement in associated brain activity as the young (green). The colors are for display purposes only, and were not part of the actual experiment. [Reproduced in slightly modified form from (11) with permission from Nature Publishing Group] This inability to suppress the task-irrelevant information during encoding was associated with poorer working memory: in the "remember face/ignore scene" condition, the older participants were less able to correctly indicate whether a face had been presented previously. Moreover, those older participants who showed poor memory performance were less able to suppress the irrelevant scenes than older participants with better memory performance. This deterioration in memory for relevant information was not associated with a reduction in the activity for relevant processing but instead with an increase in activity related to the irrelevant information. An additional long-term memory test, measuring participants' reported familiarity with the images, showed that memory for the irrelevant scenes was better in the subgroup of elderly participants who failed to suppress the to-be-ignored images during the neuroimaging stage, which suggests that the failure to prevent processing of irrelevant information in working memory also has consequences for long-term memory.
This study supports the idea that cognitive aging is indeed associated with reduced ability to keep a clear separation between relevant and irrelevant information, which may in turn compromise working memory ability (2). There is good behavioral evidence that the ability to separate relevant from irrelevant information is especially vulnerable to age-related impairment. For example, in the Stroop task and Stroop-like tasks such as Eriksen's flanker task (in which a target letter has to be identified in the presence of a flanking and potentially conflicting distractor letter), older adults are more distracted than young people by the presence of an irrelevant letter (24) . Interestingly, when the distinction between targets and distractors is relatively easily made, such as when distractors always appear in the same location relative to the target, young and old adults show equivalent flanker effects (25) , which suggests that older adults can better prevent processing of irrelevant information when it is easily distinguished from the relevant information. When presented with lists of words that have to be either remembered or simply read, older adults subsequently are more likely than young adults to mistake the read words for words they had to remember, suggesting an imperfect distinction between relevant and irrelevant words (26) . Electroencephalographic recordings (during which the electrical activity of the brain is measured through electrodes attached to the scalp) have also demonstrated age differences in the processing of irrelevant information. When younger and older adults were asked to match auditory tones while ignoring other distracting auditory stimulation, the signal associated with the irrelevant information was greater in the older than the younger group (27) . These findings imply that distracting information in attention and memory is processed more like task-relevant information in older adults.
The finding by Gazzaley et al. that the enhancement of activity associated with relevant scenes was equivalent in the young and old groups, and the related conclusion that processing of task-relevant information was preserved in the older adults, is also in line with previous behavioral findings from both memory and attention studies (28, 29) . In the word recognition memory study described above, recognition memory for studied words was unimpaired by age. In selective attention tasks, older adults show intact facilitation when a previously processed target needs to be attended again. For example, repetition of a target picture, or presentation of two successive targets from the same semantic category, produces equivalent performance benefits in young and old adults (30) (31) (32) . Similarly, older adults benefit as much as younger adults from having to attend to a target that appears in the same spatial location as the previous target (33) . It seems that relevant processing per se is largely unaffected by advancing age and that performance impairments in working memory and attention can often be explained in terms of a reduced ability to separate relevant from irrelevant information, which leads to an inappropriate extent of processing for irrelevant information.
Further Questions
The Gazzaley study leaves several issues open for further investigation. First, only brain activity during encoding is reported (the cue period), and one would expect to also find age differences in activity for ignored information during maintenance (the delay period before the memory probe image is presented). Although the observation that long-term familiarity ratings for the ignored scenes were higher in the group that failed to suppress scene-related activity suggests that the effect indeed persists, it remains unclear whether the irrelevant information is mostly perceived to a greater extent by the older adults, or also rehearsed more in working memory. Second, the older participants' inability to suppress the irrelevant images would have resulted in a higher load on working memory, which has been associated with activity in prefrontal brain areas (8, 34) . The current study uses a regions-of-interest approach to focus the analysis on areas specific to the visual materials used. It therefore does not provide information about differences in frontal activity between groups.
The findings by Gazzaley and his colleagues are an important step toward explaining in more detail the relation between working memory and top-down selective processing with regard to cognitive aging: An inability to keep a clear separation between relevant and irrelevant information was associated with an impairment in working memory in older adults. This finding may seem to suggest that the lack of distractor suppression was the cause of poorer working memory; however, it is likely that the relation between working memory and selective processing is more complex than that. Previous work on young adults has also shown evidence for the reverse relation: Making working memory unavailable for selection of relevant information in vision leads to greater processing for irrelevant information. It remains therefore possible in the Gazzaley et al. study that preexisting working memory impairments in older participants lead to greater difficulty separating the relevant from the irrelevant images during encoding. Indeed, young adults with low working memory span experience more intrusions by unattended information than people with a higher span (35) . Because they are both associated with the frontal lobes, it is likely that working memory and selective processing are each susceptible to the effects of aging, and a better understanding of the complex nature of their relation, particularly how they may interact to produce age-related cognitive decline, could be key to a more precise identification of the cognitive changes involved in human aging. 
